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Fouling is an inevitable phenomenon when using nanofiltration (NF) membranes in water 
treatment applications which necessitates periodic chemical cleaning to restore the permeate 
flux. However, harsh cleaning chemicals and conditions (i.e. high cleaning temperature) may 
accelerate membrane ageing, and cause variation in membrane surface properties and 
separation efficiency. Indeed, some evidence has emerged that chemical cleaning may lead to 
considerable variation in the retention of inorganic salts as well as some trace organic 
contaminants of concern (Simon et al. 2009; Simon et al. 2012). 
This study has investigated the influence of chemical cleaning on the surface properties of the 
NF270 membrane and its separation efficiency of inorganic salts and emerging trace organic 
contaminants. Chemical cleaning was simulated by submerging virgin membrane samples in 
aqueous solutions containing a specific cleaning reagent at different temperatures for 18 hours. 
The membrane samples were then rinsed and kept in Milli-Q water at 20 ºC prior to subsequent 
surface characterisation and filtration experiments. A detailed description of the simulated 
chemical cleaning protocol, surface characterisation techniques and filtration experiments can 
be found elsewhere (Simon et al. 2012). The analysis of trace organic contaminants was 
conducted using an HLPC and an LC/MS/MS system (Alturki et al. 2010). 
Sodium hydroxide, citric acid, sodium dodecyl sulphate (SDS), and ethylenediaminetetraacetic-
acid (EDTA) were selected to simulate caustic, acidic, surfactant and metal chelating reagent 
cleaning, respectively. Of these cleaning reagents, caustic and acidic cleaning exhibited 
considerable effects on the surface properties and separation efficiency of the NF270 
membrane. Caustic cleaning resulted in an increase in the membrane permeability (Figure 1a). 
In contrast, under mild acidic conditions (pH 2 and 2.5), acidic cleaning resulted in a decrease in 
the membrane permeability (Figure 1a). However, when cleaning was conducted at pH 1.5, an 
increase in the membrane permeability and a decrease in salt retention were observed, 
indicating that the membrane may have been severely damaged under these extreme 
conditions. Results reported here indicate that caustic and acidic cleaning can lead to changes 
in the membrane porosity or pore size. In general, an increase in the cleaning temperature 
exacerbates the impact of chemical cleaning on membrane ageing. However, the influence of 
cleaning temperature on surface properties and separation efficiency of the membrane also 
depends on the actual cleaning reagent. An increase in cleaning temperature from 35 to 50 qC 
resulted in a notable decrease in the membrane permeability when citric acid was used at pH 2 
or above. In contrast, caustic cleaning at 50 qC and pH 11.5 resulted in only a small impact on 
the permeability of the membrane due to the opposing effects of caustic cleaning and high 
temperature on the membrane polymeric matrix (Figure 1b). 
Changes in salt and trace organic retention by chemical cleaning strength and cleaning 
temperature were strongly correlated with the variations in membrane permeability. An increase 
in the cleaning strength (i.e. from pH 11.5 to 12 and from pH 2 to 1.5) reduced the salt retention 
(Figure 2a), whereas an increase in the cleaning temperature (i.e. from 35 to 50 qC) improved 
the salt retention dramatically (Figure 2b). Moreover, acidic cleaning at 50 qC further increased 
the retention of inorganic salts. In contrast, caustic cleaning at 50 qC had the smallest impact on 
salt retention, because of the counter balancing effects of temperature and caustic cleaning 
(Figure 2b). Sulfamethoxazole was used to represent the behaviour of an ionisable trace 
organic compound (Figure 3). The negatively charged sulfamethoxazole, which is the dominant 
form well above the pKa of 5.81, was effectively rejected by the virgin NF270 due to charge 
repulsion (Figure 3a). At pH well below its pKa of 5.81, neutral sulfamethoxazole is the dominant 
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form and size exclusion is the main retention mechanism. Under these conditions it was less 
effectively rejected. Retention of the neutral sulfamethoxazole (at pH 5 or below) on the cleaned 
NF270 membranes followed the same trend as observed on the salt retention, whereas 
retention of the negatively charged sulfamethoxazole (at pH 7 or above) remained stable 
(Figure 3). 
The retention of trace organic contaminants by the NF270 membrane after the cleaning with the 
commercial cleaning reagents MC11 (pH 11.3) and PC-98 (pH 11) was also investigated. The 
impact of MC11 and PC-98 cleaning on the permeability of the NF270 was more severe than 
that with the analytical grade NaOH at a similar pH value (Figure 4). The significant impact of 
MC11 and PC-98 cleaning on the membrane permeability was possibly due to pore opening 
and the additional adsorption of metal chelating reagents and/or surfactants to the membrane 
polymer. 
Chemical cleaning of the NF270 with the reagents MC11 and PC-98 also resulted in a dramatic 
decrease in the retention of trace organics (Figure 5), which could be correlated with the 
dramatic increase in permeability. It is hypothesized that changes in the membrane 
hydrophobicity (data not shown) by chemical cleaning can also impact the adsorption-
desorption behaviour of trace organics onto the membrane. Indeed, among all trace organics 
investigated, the impact of chemical cleaning on the retention of neutral/hydrophobic 
compounds was more severe than for negatively charged compounds (Figure 5). Because the 
NF270 is a loose NF membrane, the impact of chemical cleaning on membrane porosity (or 
pore size) would be more severe than on the membrane surface charge. The former governs 
the retention of neutral compounds while the latter governs the retention of negatively charged 
solutes. Since the impact of chemical cleaning on the membrane surface charge is negligible 
(data not shown), the impact of chemical cleaning on the retention of negatively charged trace 
organics was less severe than that of neutral compounds. 
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Figure 1: Impact of a) cleaning pH and b) cleaning temperature on the permeability of the 
NF270 membrane. Permeability was measured using Milli-Q water for 1 h at 5 bar and 25r 1 
qC. 
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Figure 2: a) 
Impact of cleaning pH on the salt retention of the NF270 as a function of the feed solution pH. b) 
Impact of cleaning temperature on the salt retention as a function of the feed solution pH. Feed 
solution contained 20 mM/L NaCl, 1 mM/L NaHCO3 and 1 mM/L CaCl2. Filtration temperature 
was 20r 0.1 °C. The feed pH was adjusted with 1 M/L HCl and 1 M/L NaOH. Error bars show 
standard deviation of three repetitive filtration experiments with the virgin NF270. 
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Figure 3: a) 
Impact of cleaning pH on the sulfamethoxazole retention as a function of the feed solution pH. 
b) Impact of cleaning temperature on the sulfamethoxazole retention as a function of the feed 
solution pH. Filtration conditions were as described in Figure 2. Error bars show standard 
deviation of three repetitive filtration experiments with the virgin NF270. 
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Figure 4: Impact of two formulated commercial cleaning reagents (MC11 and PC-98) on the 
permeability of the NF270 membrane. The permeability was measured as described in Figure 1. 
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Figure 5: Impact of two commercial cleaning reagents (MC11 and PC-98) on the trace organic 
retention of the NF270 at a feed pH of 8. Filtration conditions were as described in Figure 2. 
 
References 
 
Alturki, A. A., N. Tadkaew, J. A. McDonald, S. J. Khan, W. E. Price and L. D. Nghiem (2010). 
"Combining MBR and NF/RO membrane filtration for the removal of trace organics in 
indirect potable water reuse applications." Journal of Membrane Science 365(1–2): 206-
215. 
Simon, A., L. D. Nghiem, P. Le-Clech, S. J. Khan and J. E. Drewes (2009). "Effects of 
membrane degradation on the removal of pharmaceutically active compounds (PhACs) 
by NF/RO filtration processes." Journal of Membrane Science 340(1-2): 16-25. 
Simon, A., E. W. Price and L. D. Nghiem (2012). "Effects of chemical cleaning on the 
nanofiltration of pharmaceutically active compounds (PhACs)." Separation and 
Purification Technology 88: 208-215. 
 
 
Keywords: Chemical cleaning, Nanofiltration, Trace organics, Wastewater reuse 
 
 
